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Abstract 
In this paper we study choice behaviour in situations where one out of a 
finite number of alternatives has to be chosen and the choice set is unknown. 
The relevance of this framework for actual choice behaviour is discussed and a 
general model is developed. It is shown that this model can be viewed as the 
outcome of a process of sequential search. The model is first presented in 
general form, while several special cases are dealt with later on. It is shown 
that, apart from information about the probabilities that alternatives will be 
available, the informational requirements of the model are - under general 
assumptions - comparable to those of conventional discrete choice models. The 
paper concludes with an application to search behaviour in the Dutch housing 
market. 
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1 Introduction 
Discrete choice models describe how an individual facing a set of exclusive 
altematives selects one of them. A large part of the literature is devoted to 
probabilistic choice models (for a review see e.g. Anderson, de Palma and 
Thisse, 1990). The source of the uncertainty in these models can occur at two 
levels : (i) the model maker is incompletely informed about the behaviour of 
the individuals or (ii) the behaviour of the individuals themselves is 
inherently probabilistic. In the former case each individual is acting 
according to specific but idiosyncratic rules and perceived variables; the 
model maker is only partially informed about the specific behaviour of each 
individual and the best he can do is to model individual behaviour up to a 
probability distribution. In the latter case each individual is acting 
according to a probabilistic rule. i.e. an individual facing the same 
situation two consecutive times may select different choices. 
These two polar cases give rise to probabilistic choice models which are 
formally equivalent, at least if one uses them - as will be the case In this 
paper - to describe the behaviour of an 'average' individual in some 
'homogeneous' population in one period. 'Homogeneity' of the population means 
that all individuals are identical from a statistical point of view and have 
independent preferences. 
We will be concerned here with the introduction of another type of 
uncertainty in the Standard disrete choice models described above. Instead of 
assuming that the set of altematives is given, we will assume that some 
altematives may not be available for some individuals. For example, a 
household searching for a new dwelling may find out that some types of vacant 
dwellings are not available anymore at the time they are selected. 
Alternatively, a consumer patronizing a shop may find out that it does not 
have the item she is looking for. Standard discrete choice models do not 
incorporate this kind of uncertainty. For this reason we have to consider an 
alternative framework by assuming there is a given (super)set of possible 
choice sets and that each possible choice set has a given probability of being 
relevant. This means that individuals face a probabilistic availability 
constraint. The probabilistic process that governs the availability of 
altematives is assumed to be independent from thé other sources of 
uncertainty that have been mentioned above. In other words : the ranking of 
the various altematives is independent of their availability. Since there 
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is little reason to assume such a dependency, this seems to be a reasonable 
assumption. Our approach excludes, therefore, among others, any search 
strategy where alternatives are visited sequentially as a function of their 
expected availability. 
The formulation presented in this paper is closely related to the analysis 
of Ben-Akiva (1977), who proposed a model of choice set generation (see also 
the discussion in de Palma and Lefèvre, 1981, and Swait and Ben-Akiva, 1987a 
and b) . Ben Akiva and his coauthors have developed a model in which random 
constraints are the basis of the choice set formation process and extend 
therefore the captivity models as described by Gaudry and Wills (1979). For 
mode choice models, for example, the availability of a mode (car or bus) 
depends on both deterministic and probabilistic constraints. The car is, for 
example, not available if the commuter has no driving licence (except if he 
carpools); however, the distance to the nearest transit acts more as a 
probabilistic constraint. Moreover, the lack of complete information at the 
analyst's point of view and the presence of a very large number of potential 
alternatives justify the use of probabilistic choice set generation (see, for 
example, Wermuth, 1978, Ben-Akiva et al. 1984, and Train, McFadden and 
Ben-Akiva, 1984). Note that, although the general idea of probabilistic choice 
set generation developed in this article is very similar to that developed by 
Swait and Ben-Akiva (1978a and b), the interpretation of the model is 
different. The availability of alternatives depends in this article on the 
'supply-side' (e.g., a dwelling unit is or is not available for rent) and not, 
as is assumed in the articles mentioned above, on the 'demand side' (as in the 
case of a budget constraint which restricts the set of availble alternatives). 
As a consequence the choice set generating process and the choice process will 
be assumed to be independent in what f ollows. This property will allow us to 
simplify the expressions for the choice probabilities. In this article we 
study the mathematical implications of models with probabilistic supply-side 
constraints and derive simple probabilistic discrete choice expressions 
assuming specific behavioral preference pattems. 
The organisation of the paper is as follows. We will first present the model 
in general terms in section 2. In section 3 we give an alternative 
interpretation. Two examples of explicit models are given in sections 4 and 5, 
while sections 6 and 7 demonstrate the empirical usefulness of the model by 
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means of an application to search behaviour in the Dutch housing market. 
Section 8 concludes the paper. 
2 Presentation of the basic model 
We consider a situation in which an actor faces a set of N+l potential 
alternatives. He does not know which subset of these alternatives will 
actually be available to him. One alternative, to be denoted by means of an 
index 0, is assumed to be always included in the subset that is relevant to 
the actor, so that we are guaranteed that the actor has always at least one 
option available. This alternative may be identified with the continuation of 
the original situation by the actor.1 
The actual choice set of the actor will be denoted as S and consists of the 
alternative 0 and a subset of the set of alternatives C' = {1,...,N} : 
S = {0} U T, (1) 
with TeQ(C'), where fi(C') denotes the power set of C'. We will refer to C = 
{0} U C' as the potential choice set and to S as the actual choice set. The 
set of sets S that satisfy (1) will be denoted as $.2 
The probability that an individual selects alternative n When facing an 
actual choice set S will be denoted as 7r(n,S). The characteristics of the 
alternatives and the prices are assumed to be exogenously determined. The 
probability n may be described by an arbitrary discrete choice model that 
satisfies the two assumptions stated below. Note that the uncertainty with 
respect to the availability of alternatives does not play a role for the 
determination of 7r(n,S), since S is known. 
The probability that n will be selected if it does not belong to the set S 
is, of course, zero. Formally : 
Assumption 1 
7r(n,S) = 0, if n£S. (2) 
Moreover, we will assume that the probability that alternative n will be 
chosen will never increase if the choice set S is extended. Formally : 
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Assumption 2 
TrCn.S1) < 7r(n,S2), if S^S1 and neS2. (3) 
These two assumptions are intuitively satisfied and will be used later on in 
this article. 
The overall probability p(n,C) that an alternative n will be chosen within 
the potential choice set equals C can be determined as follows : 
p(n,C) - l Q(S,C).7r(n,S), (4) 
Se$(C) 
where Q(S,C) denotes the probability that S is the actual choice set when the 
potential choice set equals C. 
Equation (4) provides the relation between the Standard choice 
probabilitities 7r(n, S), defined for a given choice set S of available 
alternatives, and the choice probabilities p(n,C), defined over a potential 
choice set C. The situation which is usually analyzed by discrete choice 
models corresponds to the specific case where Q(C,C) = 1 and Q(S,C) = 0 for 
SJ-C; in this case p(n,C)=7r(n,C) . 
One may wonder how the choice probabilities p(n,C) differ from the 
corresponding probabilities ir(n,C). In order to compare the two probabilities, 
it must be observed that two effects of the uncertainty can be distinguished. 
In the first place there is the possibility that a particular potential 
alternative n will not be actually available, i.e. n€S for some SÖI^C) . In 
this case jr(n,S) equals 0. This has a decreasing effect on the choice 
probability p(n,C) as compared to 7r(n,C), cf. assumption 1 and equation (4). 
In the second place, however, it may occur that alternative n is available, 
while other potential alternatives are not, a situation which may be expected 
to increase the probability p(n,C) that alternative n will be chosen, cf. 
assumption 2. The total effect of the uncertainty is therefore ambiguous. 
The two effects may be illustrated by rewriting (4) as : 
p(n,C) - w(n,C). I Q(S,C).[7r(n,S)/7r(n,C)]. (5) 
Sef(C) 
Define the probability q that alternative n will be contained in the choice 
set as : 
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<L, - l Q(S,C), n=l...N, (6) 
Se$n(C) 
where $ (C) is the subset of $(C) containing only those actual choice sets S 
for which neS, as defined above. The variables q are of course nonnegative 
and at most equal to 1. 
Now return to (5) and consider two examples. First, assume that q <1 and 
7r(n,S) = 7r(n,C) whenever neS. It follows immediately that p(n,C) = q .7r(n,C) < 
7r(n,C). Second, assume that q =1 and 7r(n,S) > 7r(n,C) for all S^ C with neS. It 
follows that p(n,S) > 7r(n,S), except for the special case in which Q(S,C)=0 
for all Set (C), S^C. 
n 
These two examples show that the impact of availability constraints on the 
choice probabilities is in general ambiguous. There is one special case, 
however, that occurs when n=0. Since alternative 0 is always available, only 
the second effect exists and p(0,C) > 7r(0,C), as expected. 
Although the total effect of the availability constraints is ambiguous, we 
can define the intervals in which the probabilities p(n,G) should be : 
Proposition 1 
qn.7r(n,C) < p(n,C) < qn, H-1...N. (7) 
Proof: Alternative n can only be chosen when it is available (assumption 1). 
This implies immediately : p(n,C) < q . It follows from assumption 2 that 
7r(n,S) > 7r(n,C) whenever neS. Substitution in equation (4) then gives the 
second inequality : q .7r(n,C) < p(n,C). D 
Finally, it should be noted that the average effect of the availability 
constraints on the probabilities that the alternatives 1,...,N will be 
selected satisfies the following condition : 
l p(n,C) < l 7r(n,C). (8) 
n>l n>l 
The reason is that the probability that alternative 0 will be chosen can only 
increase as a consequence of the availability constraints. 
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3 An alternative interpretation 
Until now we have interpreted our model as referring to an actor who first 
determines his actual choice set and then chooses one of the alternatives 
which are available. In the present section we will show that an alternative 
interpretation can be given to the model. Consider the following situation. An 
actor knows the potential choice set, but not the actual one. He therefore 
acts in the following way. He chooses the alternative that he prefers most, 
say n, then looks whether it is available. When this is the case the process 
stops. If n is not available he goes on to choose the alternative in the 
choice set C/{n} which he prefers most, looks whether it is available and 
continues iteratively until an available alternative has been found. Given 
that alternative 0 is always available, we can be sure that always an 
alternative will be selected by this procedure. The significance of this 
second interpretation is that, in many cases, it seems to be much more 
realistic as a description of actual choice behaviour. 
If the individual preferences and the availability of alternatives are (as 
we have assumed) independent stochastic processes, the two interpretations are 
equivalent. To prove this, it suffices to consider a realization of the 
stochastic process defining the preference ordering of an individual and the 
availability of alternatives. 
The choice behaviour of an individual is governed by two independent random 
processes. The first of these determines the ranking p(C) of the various 
alternatives by the individual, while the second determines the actual choice 
set S(C) which is relevant for him. Given the determinateness of p and S for a 
specifie individual, his choice behaviour can be described in two alternative 
ways : 
(i) the most preferred feasible choice is the most preferred choice in the 
set of feasible choices S; note that, once the feasible choice set is 
determined, the choice set reduces to an usual discrete choice problem. 
This is the way we have interpreted our model in the previous section. 
(ii) the best feasible alternative can also be be defined as the first 
available choice in the ranking of p. This is the alternative 
interpretation introduced in the present section. 
These two ways to describe the best feasible alternative selected by the 
individual clearly give rise to the same outcome. This conclusion holds for 
any realization of the random processes that determine the ranking and the set 
of available alternatives so that the two descriptions are equivalent. 
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In other words, the probability that a given alternative, say n, is selected 
by the individual can alternatively be described as the sum of the 
probabiiities that a particular choice set S containing n is available 
multiplied by the probability that the best alternative in S is n (see 
equation 4), or as the probability that the first available alternative in the 
ranking is n. 
This can be formalized in the following way. Let p(S) denote a ranking of 
the elements of S and let p (S) denote such a ranking when n is the most 
preferred alternative in S. The relation between the two interpretations can 
be written down as follows : 
Prob(p (S)) - l Prob(p(C)), (9) 
p(C)|pn(S)€P(C) 
where the notation p (S)ep(C) means that the ranking of the elements of S in 
p(C) is the same as in p (S) . With the second interpretation the choice 
probabiiities p(n,C) can be written as : 
p(n,C) = l Q(S,C). I l Prob(p(C)), (10) 
ses(c) pn(S) p(C)|pn(S)ep(C) 
n=0,...,N. 
Now observe that : 
ir(n.S) = l Prob(p (S)), neS. (11) 
P (S) 
n 
After substitution of (11) in (10) we arrive at equation (4) . This proves 
rigourously the equivalence of the two interpretations. 
4 A simple example 
In order to be able to specify a discrete choice model with availability 
constraints, one needs to have information about the probabiiities that the 
various possible choice sets will be realized and about choice probabiiities 
of the actor under the various actual choice set. This implies, generally 
speaking, that a large amount of information about the individual actor and 
about the environment in which he has to make his decisions should be 
available. It is therefore useful to show that there are cases in which these 
informational requirements can be reduced to modest proportions. For this 
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purpose we will - in the present and next section - deal with two examples of 
specific discrete choice models according to the second interpretation 
proposed. 
Probably the most simple example of a discrete choice model with 
availability constraints arises when it is assumed that individuals either 
realize their first choice or choose alternative 0. Such behaviour may be 
relevant when a time constraint allows the searchers to look for dwellings of 
one type only. This situation arises for example on the housing market, where 
the actors in general do not consider all units in the market, but limit their 
search to a few of them. Such behaviour may imply that the choice 
probabilities 7r(n,S) are always equal to ?r(n,C) when neS. The observable 
probabilities p(n,C) can therefore be determined as : 
f q .7r(n,C) when n=l, . . . ,N 
p^n.C) = < n . (12) 
[ TT(0,C)+ £ (l-q , ).jr(n',C) when n=0 
n'£S n 
It is clear from equation (12) that in this - admittedly simple - case the 
informational requirements are modest. When one is able to specify the 
Standard choice probabilities and one has information about the probabilities 
that the various alternatives will be available, the model can be specified 
easily. 
5 Independence of Irrelevant Alternatives 
It would of course be nice if the conclusion reached in the last paragraph 
could be shown to be valid for more general types of choice behaviour as well. 
In order to do this, we will make two additional assumptions. The first 
postulates a kind of independence in the way the choice sets are generated, 
the second does something comparable for the way the rankings of the 
alternatives are generated. 
Assumption 3 The probability that alternative n is contained in the actual 
choice set S is independent of the probability that any other alternative n' 
(nVn) is contained in S. 
This assumption allows us to conclude immediately that, for example, the 
probability that alternatives n and n' are included in an arbitrary choice set 
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and alternative n'' is not included equals q .q , . (1-q , , ) . It follows from 
n
 n n' n' ' 
the assumption that the probability Q(S,C) that the actual choice set is S 
equals : 
Q(S,C) = ïï q n (1-Q , ) . (13) 
neS n'CS 
Assumption 3 thus gives rise to a simple expression of the realization 
probabilities Q(S,C). 
Assumption 4 The ratio of two choice probabilities 7r(n,S) and 7r(n',S), n,n' 
e S, is independent of the other alternatives contained in S. 
The consequences of this second assumption may be explored by noting that 
the ratio 7r(n, S)/7r(n', S) is independent of S, and can therefore be written 
as : 
7r(n,S) n 
= — , n.n'eS, (14) 
rr(n',S) c*n, 
where the a 's are positive parameters, one of which can be chosen 
arbitrarily. It is easy to deduce the following expression for the choice 
probabilities from this formula : 
n 
7r(n,S) = , neS. (15) 
n'€S 
The best-knovm example of a discrete choice model satisfying equation (15) is 
the multinomial logit model, but it should be noted that other models (e.g. 
the probit model when the variance-covariance matrix of its error terms is 
diagonal) may also satisfy it. 
Assumption 4 is the well-known independence of irrelevant alternatives (IIA) 
assumption, which has been criticized on theoretical grounds, but is, 
nevertheless, very often used in empirical work. Models characterized by 
equation (15) have been studied extensively in mathematical psychology and 
have been named strict utility models by Block and Marschak (1960). Note that 
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assumptions 1 and 2 are satisfied by strict utility models. 
One may wonder whether assumption 4 implies that the probabilities p(n,C) 
also satisfy the IIA assumption. A glimpse at equation 4 shows that this will, 
in general, not be the case. 
There is an implication of assumption 4 that deserves further notice. After 
dividing both the numerator and the denominator of the RHS of equation (12) by 
7 . , ^.a , , we can write : LTi' 'eC n' ' 
T(n,C) 
n'eS 
'
(n
'
S)
 - [,(n',C)- (16) 
The significance of this expression is that it relates choice probabilities 
that refer to a choice set S to choice probabilities that refer to the 
complete choice set C. 
We now substitute (16), together with (13), in (4) and obtain : 
p(n,C) = q 7r(n,C). £ [ ü q ïï(l-q ) ] / [ I.(n',C)]. (17) 
SeO'(C) n'eS n"<£S n'eS 
n 
n^n' 
In this equation only choice probabilities that are relevant when C is the 
actual choice set occur, so that it can be concluded that we have, once again, 
succeeded in reducing the informational requirements about the behaviour of 
the actor to the usual ones. 
Comparison of equation (17) with (12) shows that a complicated third term 
has been added to the simple formulation q .7r(n,C). It represents the increase 
in the probability that alternative n will be chosen that results from the 
fact that the actor may, in the present situation, decide to choose 
alternative n as a second-best (or third-best, fourth-best, etc.) choice, when 
the most preferred alternatives are not available to him. Such behaviour 
reminds one of satisficing behaviour.3 
6 Towards an empirical application 
In section 4 we have considered a model in which searchers looked whether 
their first best alternative was available and chose alternative 0 when it was 
not. In the present section we will study extensions of that model in which 
searchers may visit a fixed number of alternatives, which may be larger than 
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one. For a motivation of such models we refer again to housing market search. 
Consider a situation in which a household is looking for a dwelling. It 
regards a particular type of dweiling as its first best choice, but realizes 
that such a dwelling may not be available. Two options exist in the case of 
non-availability : look for a dwelling of the second best choice or stop 
searching. When the first alt.ernative is chosen it may be the case that a 
dwelling of the second-best type is also not available. The household then has 
to decide whether it will look for a third-best choice or stops searching. The 
process can in principie continue until all existing dwelling types have been 
considered. However, in practice one may expect that a household will stop the 
searching process earlier, since the returns of continuing the search process 
are considered to be too low to make it worthwhile. 
In the present section we will consider models in which the actor has decided 
to stop the search process, by choosing alternative 0, after a finite number, 
i (l<i<N), of alternatives have been visited.4 In section 4 we considered the 
case in which i equals 1, here we will generalize to larger values. 
We first recall the following result. Let p = (n-,...,n^ .) denote a 
particular ranking of the N+l choice alternatives. We have : 
Proposition 2 If the choice probabilitites satisfy a strict utility model, 
then the ranking probabilities are given by : 
Prob(p) = 7r(n1,C).7r(n2,C/{n1}) ^(n^ { n ^ n ^ } ) . (18) 
This proposition has been proved by Block and Marschak [1960, p. 109] and 
was quoted and discussed by Luce and Suppes [1965, p. 354].5 Using the 
expression (16) for the choice probabilities, we obtain easily an expression 
for the probability of any ranking. 
Note that expression (18) implies that the events "n.. is the most preferred 
alternative in C", "n_ is the most preferred alternative in C/{n..}", etc. can 
be treated as independent events. In general this is not true. However, for 
strict utility models it is valid. 
Now consider the situation in which i=2, i.e., the searching actors who 
discover that their first-best alternative is not available will switch to 
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their second-best alternative. When both alternatives are unavailable, search 
will be stopped. The probability that alternative n will be chosen can in this 
case be determined as : 
N 
p2(n,C) = qn.7r(n,C) + £ q^ . (1-c^, ) .ProMn^n' ,n2=n) , (19) 
n'=l 
nVn 
n=l...N. 
The first term on the right-hand-side (RHS) of this equation is identical to 
the one given in (12) for n^O. The second term is new and refers to actors who 
have realized alternative n as their second-best choice. The expression behind 
the summation sign is the probability that alternative n is the second-best 
choice for someone who had alternative n' as his first choice, multiplied by 
the probability (1-q ,) that alternative n' is not available and by the 
probability q that alternative n is available. In order to find the total 
number of second-best choices for alternative n we have to sum over all 
possible first-best choices n', excluding n. 
The problem is now to find an expression for the probability that n' is 
ranked first and n second. It follows from proposition 2 that : 
Prob(n1=n',n2=n) = ir(n' ,C) .ir(n,C/{n' } ) . (20) 
Using (16), (20) can be rewritten as : 
7r(n,C) 
Prob(n1=n',n2=n) - n(n' ,C) •1.jr/n, c\ . (21) 
and after substitution of this result in (19) we finally find : 
N 7r(n',C) 
p'(n.C) -
 V*(n,C) ( 1 + I d-V>-l-ir(n',C) 5' (22) 
n =1 
n=l...N. 
We now move on to the situation in which i=3. It may happen then that also 
third-best choices are realized by impatient searchers. This implies that we 
have to add a third term to the right-hand-side of (19) . The equation 
becomes : 
13 
p3(n,C) - qn.7r(n,C) + 
N 
+ l qn.(l-qn,).Prob(n1=n',n2=n) + (23) 
n'=l 
nVn 
N N 
+ ï ï q . (1-q ).(l-q ).Prob(n =n\n =n" ,n =n), 
n'=l n"=l 
nVn n' '^n 
n' Vn' 
n-1...N. 
The interpretation of the third term on the RHS is analogous to that of the 
second one. The probability that n' and n'' are not available, whereas n is 
available is q .(1-q ,).(l-q , , ) . Using again proposition 2, the probability 
that n' is ranked first, n'' second and n third can be written as : 
Prob(n;L=n',n2=n",n3=n) = ?r(n' ,C) .7r(n" ,C/{n' } ) .7r(n,C/{n' ,n" } ) , (24) 
or 
7r(n",C) 7r(n,C) 
Prob(nrn' .n^n' ' ,n3=n) = *(n» ,C) . 1_jr(n, c ) . ^ ^ c ) _^n, , c ) . (25) 
Therefore, the probability that n is selected is in this case equal to : 
N 7r(n',C) 
p3(n,C) - q 7r(n,C).{ 1 + l (1-q.).-,
 ( , r v 
n
 n'=l n 1_7r(n 'C) (26) 
n'/n 
N 7r(n",C) 
•
[ 1 +
 , , \ ( 1 ' q n " ) •l-7r(n',C)-5r(n",C) ] }' n =1 
n' Vn 
n' '^n 
n=l...N. 
It should be clear by now that we can extend our model again in order to 
deal with the possibility that fourth-best choices are made, etc. These 
generalisations are conceptually straightforward. Instead of writing down all 
these equations, we will confine ourselves to the statement of : 
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Proposition 3 
p1+1(n,C) > pl(n,C) (27) 
for i=l,...,N-l, but : 
[p1+2(n,C)-p1+1(n,C)] < [p1+1(n,C)-p1(n,C)]. (28) 
Proposition 3, which is proved in appendix 1, says that the probability of 
selecting an alternative increases (as expected) as the number of alternatives 
that can be visited during the period under consideration increases, but that 
the marginal increment in this probability decreases with the number of 
alternatives that can be visited. This can be interpreted as decreasing 
returns to search. The proposition allows us to see the various stages (when 
the individual searches for 1,2,3,.. alternatives) as successive 
approximations. This is the procedure that will be foliowed in the empirical 
application of the next section. 
In that section we will use observations on the number of realized moves for 
the determination of the availability probabilities. We will then determine 
the model estimates of the flow of actors leaving the various subpopulations 
of searchers for a particular alternative and compare these with figures 
observed in an alternative way. The correlation between the two figures will 
be regarded as an indication of the validity of the model. 
We will use a sequential approach by first employing the model of section 4, 
then allowing for second-best choices, then also for third-best choices, etc. 
It will of course be expected that the introduction of switching possibilities 
will, at least initially, improve the correlation between computed and actual 
numbers of leavers. 
7 Search behaviour in the Dutch housing market 
We will analyse search behaviour in the heavily regulated rented segment of 
the Dutch housing market. Rent control was introduced in the market in the 
Second World War and has been covering almost all rented dwellings ever since. 
Although many governments intended to return to a (more or less) f ree market 
all attempts to do so failed thus f ar. The main reason for this failure is 
that rent control is regarded by many as a part of income policy. Rent 
increases, which are inevitable for a return to free-market circumstances are 
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therefore hard to realize politically. Since the attempts of the government to 
raise construction levels of new dwellings to a levels, by means of subsidies, 
have not been able to remove the shortages, excess-demand has been the normal 
situation on the rented part of the housing market ever since the Second World 
War. 
The dwellings that become available are distributed by local authorities, 
who give prior ity to households that are judged to be especially in need of 
a(nother) dweiling. However, the rules that are used (if they really exist) 
are certainly not uniform and are f ar from being clear. The outcome of the 
process for the individual searching household is highly unpredictable and the 
resulting situation may perhaps be best described as one of uncertainty about 
the actual possibilities. 
Before presenting the results we give some details about the data. We used 
the Dutch Housing Needs Survey (WoningBehoefte Onderzoek, WBO) of 1981, a 1% 
sample of all Dutch households consisting of more than 60,000 respondents. 
This database contains information about the willingness to move to another 
type of dweiling of households, as well as on past mobility (for all 
households in the sample) and on the realized duration of search (for 
households willing to move). We focussed on moves between rented dwellings in 
the same region. (See DGVH [1982a] for further information.) 
The stock of rented dwellings has been classified in 16 types. We used a 
dichotomy in apartments and single-family dwellings and made further divisions 
which refer to the number of rooms and the rent to be paid. In order to take 
into account the regional differences in housing market situation we divided 
the Netherlands into four regions. Details are given in appendix 2. 
Since searching households were asked to indicate some characteristics of 
their most desired dweiling, we were able to determine the number of 
households searching for each of the dwelling types considered. The ratio of 
this number and the total number of searchers has been interpreted as an 
estimate of the choice probability 7r(n,C), to be denoted as 7r(n,C), where C 
denotes the set of sixteen dwelling types that have been distinguished. This 
means that we have regarded the total population of searchers as a group of 
statistically independent individuals, an assumption which can only be 
defended as a convenient first approximation.6 
In order to get an estimate of p(n,C), the probability that a searching 
household will move to a dwelling of type n, we employed the information about 
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past mobility contained in the sample. The average yearly number of households 
moving to a given type of dweiling in the 4 years preceding 1981 was regarded 
as a good indicator of the number of households in the sample that would be 
making such a move in 1981. So the ratio of the average number of realized 
moves in a dwelling of type n in the preceding years and the total number of 
searching households can be interpreted as an estimate of p(n,C), to be 
A 
denoted as p(n,C). Note that this procedure can only be justified if the 
market situation is constant over time.7 
A A 
The values of p(n,C) and 7r(n,C) can be used to arrive at estimates of the 
availability probabilities q . For the simple model of section 4 this is 
A A 
easy : we simply take the ratio of p(n,C) and 7r(n,C) (see equation (12) for 
ns-O). For the more complicated models in which more than one alternative may 
be visited in one period this is more difficult. We used an iterative 
procedure, started with arbitrary values of the q 's and substituted these, 
A 
together with the jr(n,C)'s into the model equations (for i=2 equations (22), 
for i+3 equations (26), etc). The resulting values give the model prediction 
of the p(n,C)'s, which will be denoted as p(n,C). If p(n,C) was larger than 
A 
p(n,C), the value if q was decreased, in the reverse case q was increased.8 
n n 
This procedure allowed us to make the sum of squared differences Y (p(n,C) -
A n A 
p(n,C)) arbitrary small.9 The final values of the q 's will be denoted as q . 
The estimates of the availability probabilities and the unconstrained choice 
probabilities can be used to predict the number of searchers that intended to 
move to a dwelling of a particular type that leave this population in one 
period. These numbers will be denoted as i . The households that leave a 
n 
population of searchers may either move to a dwelling of their most desired 
type, but may also have left for a dwelling of another type (second-best 
choice, third-best choice, etc). The relevant equations for i, the number of 
alternatives to be considered, equal to 1,2 and 3 are : 
i1 = q .jr(n,C).b, (27) 
n n 
ij = (qn.*(n,C) + (l-qn) l V - ï ^ y }-b, (28) 
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i3 = {q .7r(n,C) + (1-q ) Y q , .-. -.—T-T- + 
n
 H
n v ' ' v Hn' ,^ 4n' l-7r(n,C) 
*r(n',C) 
, in- •: 
nVn (29) 
7r(n',C) ?r(n",C) 
+ d-qn) 1 d - V ^ l - ^ n . C ) ,,E qn"-l-7r(n,C)-W(n',C) }"b' nVn v ' n' V n 
n'Vn' 
where b is the total number of searching households. The equations for higher 
A A 
values of i are analogous. Substitution of the estimates q and 7r(n,C) in 
these equations leads to the predicted values of the numbers of leavers, to be 
denoted ï . As a test of model performance these predicted values of the 
numbers of leavers will be compared with estimates of these numbers which are 
obtained in a completely different way. 
The Housing Needs Survey contains information about the realized duration of 
search of people intending to move to another dweiling. This information can 
be used to estimate of the yearly number of households leaving a subpopulation 
of searchers. We employed a simple duration-of-search model to determine the 
rate of leaving the subpopulation of households searching for a particular 
type of dwelling. This enabled us - again on the basis of an assumption of 
stationarity - to determine the yearly number of households leaving these 
subpopulations. Details about this procedure and its results are given in 
A 
appendix 3. The estimates of the numbers of leavers will be denoted as i . 
In table 1 we have listed our estimates of the numbers of households that 
realize a move, intend to make a move and leave the population of searching 
households, respectively. It is clear from this table that the number of 
realized moves is in almost all cases greater than the number of intended 
moves. The ratios between these numbers give an estimate of the availability 
probabilities, which was shown above to be valid when the simple model of 
section 4 is relevant. However, if we adopt that model we expect the numbers 
of people who realized a move to be equal to the numbers of people leaving the 
population of searching households. The first row of table 2 shows that these 
figures are indeed correlated to some extent, but they are hardly impressive. 
There are various possibilities to interpret this result. Households can 
leave the population of searchers by moving to a dwelling of the desired type, 
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Table 1 Movers and searchers on the housing market 
households leaving the 
realized moves intended moves population of searchers 
type region region region 
1 2 3 4 1 2 3 4 1 2 3 4 
1 21.5 104.8 76.0 35.5 69.0 265.0 182.0 101.0 43.9 103.2 76.5 54.4 
2 7.5 26.8 8.0 11.3 40.0 176.0 130.0 71.0 20.2 76.9 54.1 36.5 
3 4.3 17.0 9.0 2.3 11.0 66.0 50.0 36.0 3.2 36.0 19.7 14.8 
4 16.5 40.8 14.3 17.3 14.0 60.0 39.0 25.0 6.7 20.4 17.0 7.9 
5 30.0 77.3 18.3 35.0 65.0 303.0 204.0 97.0 36.5 125.0 82.6 45.7 
6 10.3 56.0 23.8 27.0 19.0 138.0 116.0 61.0 12.6 72.6 53.0 29.9 
7 29.3 61.5 21.0 31.8 45.0 120.0 117.0 45.0 23.0 45.8 43.4 16.6 
8 14.0 46.0 28.0 18.8 16.0 84.0 81.0 29.0 12.1 40.1 36.8 16.1 
9 4.3 16.5 72.5 7.0 10.0 29.0 87.0 13.0 6.8 14.4 49.4 6.9 
10 10.5 38.3 57.8 17.0 13.0 86.0 128.0 28.0 9.5 42.7 52.9 14.8 
11 9.3 33.8 69.0 7.5 14.0 59.0 135.0 12.0 6.3 26.0 59.4 6.8 
12 8.8 27.0 60.3 17.5 30.0 153.0 290.0 57.0 15.6 76.7 119.4 27.0 
13 2.5 14.8 33.3 5.3 8.0 40.0 85.0 24.0 5.6 17.5 38.6 9.2 
14 11.3 26.0 41.0 9.3 4.0 19.0 71.0 7.0 2.0 8.2 21.6 2.8 
15 12.5 69.3 84.8 27.0 23.0 80.0 225.0 30.0 12.4 34.5 92.7 13.6 
16 3.5 26.5 51.5 10.5 4.0 53.0 102.0 17.0 2.0 28.1 46.9 7.6 
by moving to another type of dweiling, or by disappointedly stopping the 
search process altogether. It was shown above that the first possibility in 
itself does not give a very good explanation of the figures listed in table 1. 
The importance of the second possibility can be investigated by adopting the 
more complicated model that have been introduced in section 6. This will be 
done in what follows. The third possibility will not be analyzed in detail. We 
will introducé it explicitly in the last paragraphs of the present section in 
order to deal with the differences between estimated and predicted numbers of 
leavers that remain af ter the possibilities of two and more visits in one 
period have been introduced. 
We have adopted the models introduced in section 6, estimated the 
availability probabilities and used the result to predict the numbers of 
households leaving the populations of searchers. These predictions were 
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Table 2 Comparison of computed and actual numbers of households leaving the 
* 
population of searchers 
number of visits 
m 1 
1 .745 
2 .962 
3 .979 
4 .982 
5 .984 
correlation coefficients by region 
2 3 
658 .531 
934 .914 
964 .971 
973 .984 
977 .988 
.674 
.944 
.973 
.981 
.984 
16 .984 .984 
* The figures are correlation coefficients. 
.986 .987 
compared with the estimates given in table 1. The correlation coefficients are 
shown in table 2. 
It can be inferred from this table that the introduction of the possibility 
of a second-best choice gives rise to a remarkable improvement in the 
correlation between predicted and estimated numbers of households leaving the 
population of searchers. This improvement is largest for region 3, where the 
excess demands are especially high. Introduction of the possibility of third, 
fourth and fifth visits gives rise to further increases in the correlation 
coefficients. 
The figures in Table 2 show that the introduction of the possibility of 
visits to alternatives that were not on the top of the ranking of the 
individual household gives rise to an important improvement of model 
performance. It should be observed that this improvement occurs even though we 
have made strong assumptions on the behaviour of individual searchers (all 
households were considered to be statistically indistinguishabie). It may be 
useful to stress, once again, that our estimates of the number of leavers were 
derived completely independent from the model predictions and that there is no 
a priori reason why the correlation coefficients should be steadily increasing 
with the number of switches and approach the upper bound 1 so closely. 
The typical pattern one would expect for the figures in table 2 is an 
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increase in the correlation coefficients for a relatively small number of 
visits, foliowed by a decrease. The number of visits corresponding with the 
maximum correlation should give an indication of the actual number of 
reconsideration of choices as a result of the experienced impossibility of 
realizing initial choices. The figures listed in table 2 do not show this 
pattern. The correlation coefficients show a rapid increase to a level close 
that corresponding with 16 visits. Since the correlation coefficients in this 
case are rather high, it is almost impossible to find a maximum, foliowed by a 
decrease. 
When the number of visits equals 16 the model says that a move will take 
place whenever at least one alternative is available. This implies that the 
ratio of the number of leavers and the number of searchers will be equal for 
all the subpopulations of searchers. The correlations between the predicted 
and actual numbers of leavers will therefore in these case be equal to the 
correlations between the numbers of intended moves and the numbers of actual 
leavers, which turned out to be very high. The figures are shown in the last 
row of table 2. 
The fact that the correlation coefficients of the numbers of intended moves 
and the numbers of households leaving the subpopulations of searchers are so 
close to one would seem to indicate that many households accept any available 
alternative, i.e. that the actual number of visits may be as high as 16. It 
suggests, moreover, that the number of leavers from a given subpopulation is 
(almost) independent of the realization probability of their indicated 
first-best alternative. This conjecture was affirmed by least squares 
regressions.10 
What table 2 shows, therefore, is that the apparent lack of a relation 
between numbers of realized moves and numbers of leavers can be explained by 
allowing the searching households to reconsider their initial choices 2 or 3 
times, making the total number of visits equal to 3 or 4. Availability 
constraints are clearly able to weaken the relation between stated 
preferences, referring to first-best choices, and observed behaviour as 
measured by numbers of leaving households. 
The predicted numbers of households leaving the various populations of 
searchers increase with the number of switches, although at a rapidly 
decreasing rate. This means that large changes in the correlation coefficients 
should not be expected to occur after the introduction of the possibility of 
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six, seven or more visits. For this reason we stöpped the exercise after 
considering the possibility of up to five visits. 
The predicted numbers of leavers are, with a few exceptions, lower than the 
estimated numbers of leavers from table 1. For regions 1,2 and 4 these numbers 
are on the average 10 % lower than those of table 1, for region 3 the 
difference amounts to 23 %. These deviations can be explained by existence of 
a 'seventeenth alternative', viz., stopping the search without realizing a 
move. This possibility has not been considered explicitly hitherto. It is 
quite conceivable that the number of disappointed searchers is much higher in 
the Rimcity, where housing market problems are concentrated, than in the other 
parts of the Netherlands. 
The number of households that realize their first-best choice, as predicted 
by the model, is steadily decreasing with the number of alternatives that may 
be visited. When only first-best choices are allowed, all movers realize the 
alternative they ranked highest. When also second-best choices are allowed, 
the percentage of them realizing their first best choice drops to the range 
53-62 %. Introduction of the possibility of third-best choices changes this 
range to 35-45 %, introduction of fourth-best choices to 26-37 %, introduction 
of fifth-best choices to 20-32 %. The implication of the model, therefore, is 
that many households will move to another type of dwelling than they indicated 
as their first-best choice. The fact that the increase in the correlation 
coëfficiënt becomes smaller after the introduction of the second-best choices, 
while the percentage of moving households still drops significantly, makes it 
difficult to say whether the actual percentage is 25 or 45. The reason is that 
the model predicts relatively large numbers of households realizing their 
third-, fourth- or fifth-best choices. 
It must be concluded that our empirical exercise, although it is quite 
favorable for our model, does not make clear how many visits should be allowed 
in the model. 
8 Conclusion 
In the foregoing discussion a general model for discrete choice with 
availability constraints has been developed. Some special cases have been 
formulated and an application to the analysis of search behaviour in the Dutch 
housing market has been provided. Other applications could refer to the labour 
market or to shopping behaviour. 
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Notes 
1 Altemative 0 should be identified with what happens to our actor when, 
unfortunately, none of the alternatives whose availability is uncertain are 
actually available. 
2 Note that $(C) is neither the power set of C nor the power set of {0)uC. 
3 It may also have to do with time preference. The actor has to compare the 
loss of the higher utility, associated with giving up the search for a more 
preferred altemative, which is currently unavailable, with the somewhat 
lower utility of choosing an available, but less pref erred altemative. 
This trade-off occurs only in cases where switches between alternatives are 
costly and will not be made in every period. It is therefore more important 
when the model refers to search on the housing market than when it is 
concerned with shopping behaviour. 
4 The determination of the number of visits may be based on a comparison of 
the costs of additional search with its expected benefits. When the 
searchers switches to alternatives which are ranked lower, the expected 
benefits decrease, while the costs remain the same. Moreover, the searcher 
may decide to take another chance on high-ranked alternatives in the next 
period, while a move to a less pref erred altemative in the present period 
makes this altemative less attractive because of transaction costs that 
have to be paid. 
5 We are grateful to Moshe Ben-Akiva to provide us with this reference. 
6 It is of course to be expected that preferences depend on household size, 
income, etc. 
7 Some evidence in favour of this assumption can be found in Scholten [1988]. 
8 Since we have 8-n /da >0 and dn /da <0, n'^n, we can be sure that our 
n' nn n' TI' 
procedure works into the right direction when the changes in the q ' s are 
small. 
9 We have not investigated the statistical properties of our estimation 
method. It can be interpreted as minimization of the sum of squared 
deviances of equations in which the q 's appear in a non-linear way. 
10 We used the predicted number of leavers as our dependent variable, which 
was regressed on the number of intended moves and the realization 
probability. A singnificant positive effect of the latter variable could 
only be found for region 3, which is the Dutch Rimcity where housing market 
problems are concentrated. 
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Appendix 1 Proof of proposition 3 
We can write down the following general expression for p (using a slightly 
different notation) : 
p1(n,C) = qn.Prob(ni=n) + 
+ 1 q . (1-q ,1.).Prob(n1-n.(l),n2=n) + 
n(l)#n ^ ; 
i-1 
+ l ï ... I q [ n (1-q ))].Prob(n =n(l),..,n =n) 
n(l)^n n(2)=n n(i-l)*n j=l KJJ 
n(2)^n(l) n(i-l)#n(l) 
n(i-l)*n(i-2) 
i=2 N. 
The last term of the RHS of this equation equals p -p . Since this term is 
nonnegative, it follows that the first part of the proposition is proved. 
We have also to show that the final term is non-increasing in i. To do this, 
it suffices to show that : 
ProbCn^nCl) , , . . . .n^n) > £ ( 1" q n(i) ) •Prob(n1=n(1) > > • • • ,n.=n(i) ,n1+1=n) , 
n(i) 
where the summation takes place under the proper restrictions. Using 
proposition 2 we write : 
ProbCn^nCl) ,n.=n) = 
=
 7r(n(l),C)..7r(n(i-l),C/{n(l),..)n(i-2)}).7r(n,c/{n(l),..>n(i-l)}) 
7r(n,C) 
7r(n(l) ,C) . .7r(n(i-l) ,C/{n(l) , . . ,n(i-2)}) . j ^ 
1- l 7r(n(j),C) 
j=l 
»(n(i),C) 7r(n,C) 
^(n(l),C)..5r(n(i-l),C/{n(l))..,n(i-2)}). £ r^ . r ^ 
n ( i )
 1- l 7r(n(j),C) 1- l 7r(n(j),C) 
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7r(n(i),C) *(n,C) 
> 7r(n(l),G)..7r(n(i-l),C/{n(l),..,n(i-2)}). £_ r^ . r 
n ( i )
 1- X *(n(j),C) 1- E *(n(j),C) 
j-1 j-1 
= £ ProbCn^nCl) , , . . . .n^nCi) ,ni+1=n) 
n(i) 
^ E (l-qn,i-) .ProbCn^nCl) , , . . . .n^nCi) ,ni+1=n). 
n(i) 
The first step is simply the equation given in proposition 2; the second 
follows from equation (13); to understand the third step, observe that £ ... 
7r(n(i),C) = l-£._,7r(n(j) ,C) when the proper restrictions are taken into 
account in the first summation; the fourth step follows from the f act that 
l"E-_i7r(n(J ) >c) — l"ü-_T7r(n(J) >C) • while a strong inequality must be valid for 
at least one n(i); for the fifth step we used equation (13) and proposition 2 
again; the last step should be obvious. This proves the second part of 
proposition 3. D 
Appendix 2 Some further Information about tiie data 
As mentioned in the main text, we used the Dutch Housing Heeds Survey 
(WoningBehoefte Onderzoek, WBO) of 1981 (see DGVH [1982a]). A household was 
considered to be searching when it indicated to be desiring to move to another 
dweiling within a period of a year. We concentrated on the rented sector of 
the housing market and therefore restricted our attention to households 
currently occupying a rented dweiling who were searching for another rented 
dweiling. 
The searching households usually indicated to what kind of dwelling they 
were planning to move : whether it should be a rented or an owner occupied 
dwelling, single family dwelling or apartment, the desired number of rooms and 
the rent one was willing to pay. It has been assumed that this information was 
based on up-to-date information about the situation on the housing market in 
the region concerned. It allowed us to make the classification of the stock of 
rented dwellings given in table A2.1, which was also used in Rouwendal [1989, 
chapter 10]. This is the classification that has been used in the text. 
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Table A2.1 Classification of rented dwellings 
number single fam./aPartment number of rooms * rent 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
single family dwelling 
apartment 
1-3 < 250 
1-3 250-450 
1-3 > 450 
4 < 250 
4 250-450 
4 > 450 
> 5 < 450 
> 5 > 450 
1,2 < 250 
1,2 > 250 
3 < 250 
3 250-450 
3 > 450 
> 4 < 250 
> 4 250-450 
> 4 > 450 
* Dutch guilders per month 
We have, furthermore, restricted ourselves to households who were willing to 
make a move within a short distance of their present location (i.e. we did not 
want to analyse migration) . For this purpose we used the 'housing market 
areas', developed by the Dutch Ministry of Housing (see DGVH [1982b]). Since 
these area's were too small to use them as separate entities in our analysis, 
we aggregated them to the four regions used in the text. The aggregation that 
has been used was proposed by Scholten [1988, chapter 4], and is based on a 
clusteranalysis of mobility on the housing market. The basic area's and the 
four regions are pictured in figure A2.1. 
The study of Scholten [1988] also contains valuable information about the 
stability of the patterns of mobility on the Dutch housing market in the 
period 1977-1981. 
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Legend 
^ 
1 North and Southwest 
2 Centre and East 
3 Rimcity 
4 South 
Figuur 1 Housing market areas and the four regions 
Appendix 3 Estimation of the numbers of leavers 
In order to estimate the numbers of households leaving the populations of 
searching households, we used the information about the realized duration of 
search contained in the Housing Needs Survey [WBO, 1981]. We used the simple 
assumption that the rates of inflow and outflow for the populations of 
searchers are constant over time. The constant rate of outflow will be denoted 
as q and is specific for the region and for the dwelling type which is the 
first best choice. The value of q can be estimated for each population of 
searching households in each of the four regions (see Rouwendal, 1989). The 
implied probability that a household looking for another dweiling will be 
searching for a period at least equal to t units of time equals l-exp(q.t). 
However, there appeared to be considerable differences between the rates of 
outflow of searchers with a short and a long realized duration of search. For 
this reason we estimated different models for those with a realized duration 
of search of more and less than a year. Although the differences in the 
estimates of q were in general large and significant, the predicted numbers of 
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leavers remainde much the same. The correlation coefficients between both 
amounted to .99 for all four regions. In the text we used the figures of the 
model in which both groups of searchers were distinguished. For further 
details we refer to Rouwendal (1990). 
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